Abstract | Tetracyclines are antibacterial agents widely used in preventing and treating infectious diseases in food producing animals. This extensive use can lead to an increase in their residues levels in food of animal origins. These residues will pass through the food chain to the consumers. In addition, the residues in milk may have many consequences on consumers' health: allergic reactions in human's antibiotics give rise to an increase in the antibiotic resistance of pathogenic bacteria, which may result in direct toxity, allergy and resistance to antibiotics. In this way, authors look to detect and quantify Oxytetracycline residues in milk by High Performance Liquid Chromatography (HPLC). They have, at first, proceeded to the optimization of various analysis parameters [stationary phase, mobile phase, absorption spectrum (wavelengths), flow rate and injected volume], then they have continued with their validation using adequate statistical analysis methods (Repetitiveness reproducibility, Linearity of the calibration curve) and the adaptation of an extraction technique of this antibiotic from cow's milk. The results of the validation process led to the adaptation of following parameters: Sample concentration: 0, 4 mg/mL (diluted in methanol), stationary phase: column C18 reversed phase (Grafted silica gel), mobile phase: acetonitrile, injected volume: 11 µl, wavelength (UV detector): 325 nm and flow rate: 1, 5 mL/min. The drug was extracted with mixture acetonitrile/HPLC water and simply cleaned up on Whatman filter, then on a nylon membrane filter of 45 µm/ 47 mm.
INTRODUCTION

M
ilk is an important inexpensive dietary source. It contains valuable proteins and calcium essential for promoting growth in children and general health of the population. In Algeria, milk is considered as the principal source of animal proteins (Amellal, 1995) .
Tetracyclines produced by Streptomyces spp. are broad spectrum antibiotics active against most Gram-positive and Gram-negative bacteria (Oka et al., 1995) . In Algeria, they are used prophylactically and therapeutically in dairy cattle and other domestic animals.
Antibiotics residues have a negative impact on consumers' health and food processing industries. Indeed, the presence of antibiotics residues may harm to the consumers' health through direct toxicity (Guy et al., 2004; Leroy and Fanir, 2005) , allergic reactions (Federicci-Mathieu, 2000) , carcinogenic processes, pathologies related to the modification of intestinal flora (Broutin et al., 2005; Châtaigner and Stevens, 2005; Fabre and Joyes, 2000) , increase of the selection pressure and spread of drug resistant bacteria within animals and human populations (Châtaigner and Stevens, 2005; Sanders, 2005) . For food processing industry, the spoil concerns notably manufacturing of fermented products (Brouillet, 2002; Form, 2003; Maghuin-Rogister et al., 2001) . In fact, the lactic bacteria being sensitive to very low concentrations of antibiotics (Brouillet, 2002; Fabre and Joyes, 2000) , the presence of their residues inhibit partially or totally the growth of these ferments and results in many defects (Robb, 2006; Vera, 2005) including accidents in cheese manufacturing, yogurt and other fermented milk products (Broutin et al., 2005; Ryckaert et al., 2003; Zinedine et al., 2007) .
In this context, methods must be developed for the monitoring of antibiotics residues notably in milk. For that two sorts of tests are used: microbiological tests (screening methods) and physicochemical tests (confirmation methods) (Fergusson et al., 2002) . Among this last kink of analyses, High Performance Liquid Chromatography (HPLC) is recognized as a powerful method for the quantitative analysis of antibiotics residues in milk (Oliveira et al., 2006; Reig and Toldra, 2008) . It has several merits; it detects very small amounts of these residues, it presents an extreme sensitiveness and it possesses a great strength of separation and an excellent reproducibility.
This work has for principal objective: the detection and the quantification by High Performance Liquid Chromatography of oxytetracycline residues in milk. We optimize various analysis parameters [stationary phase, mobile phase, absorption spectrum (wavelengths), flow rate and injected volume] and the adaptation of an extraction method.
Oxytetracycline has been chosen because of its large use in veterinary medicine in Algeria, notably in the treatment of respiratory infections. This antibiotic is also directly implicated in the appearance of dairy industry spoils. 
MATERIAL AND METHOD
staNdards aNd Work soLutioNs
Standard stock solution was prepared by diluting Oxytetracycline hydrochloride (Sigma-Aldrich. Veteranal Ref. 46598) in methanol (4 mg/mL).
The working solutions were prepared daily by appropriately diluting the stock solutions with mobile phase and stored in amber flask at 4°C until use. stantine (North-East Algeria). The milk simple is presumed exempt from antibiotics. The collected sample (200 ml) was conveyed quickly in an isothermal tray to the laboratory where it was stored at 4°C.
optimiZatioN of aNaLysis parameters
In order to detect and to quantify the oxytetracycline residues in the milk by HPLC, it was necessary to start at first with the optimization of the analysis parameters namely: stationary phase, mobile phase, absorption spectrum (wavelengths), flows rate, injection volume. This step necessitated more than seven hundred essays.
examiNatioN of the method's reLiaBiLity repetitiveNess Repetitiveness consists of realizing the technique by the same team at the same laboratory. The essay results must be obtained by the same operator following the same procedure, using the same equipment and during a current interval of time (According to ISO 3534-1 and ISO 5725-1 standards). To test the Repetitiveness of our obtained results, we carried out three series of 6 essays, on the same day, with the same solution of work, the same operator, the same place, the same equipment and with the same analysis conditions.
reproduCiBiLity
In this case, the essays are realized in different conditions. At least one of the following parameters is voluntarily modified: operator, device, solution setting, and differed realizations in time (According to ISO 3534-1 and ISO 5725-1 standards). To achieve this, two different operators carried out three series of twenty essays each, with three different work solutions (one for every series) and in few days apart.
LiNearity of the CaLiBratioN Curve
The linearity of the variation of the heights peaks area (surfaces) according to the variation of the concentrations of the injected product must be verified for every composite. The correlation coefficients between heights of the peaks and concentrations, as well as the parameters of the corresponding lines of linear regression must be calculated (ISO 3534-1, ISO 5725-1). To establish the curve linearity and to determine the regression line for the oxytetracycline, we used different on day prepared dilutions: 1/1, 1/2, 1/4, 1/8, 1/16.
statistiCs study repeataBiLity CaLCuLatioN
We realized an average comparison according to Student's test. We calculated the average, the standard deviation and the variance from the obtained surfaces to calculate the value of "t" and to compare it with Student's values at the respective risks of 1% and 5%.
The "t" is measured between every two series (a and b, a and c, b and c) according to the following formula: t = |Xa -Xb|/√ σ²/Na + σ²/Nb Xa being the average of the first series (series a) Xb being the average of the second series (series b) σ² being the variance between the two series a and b Na being the number of the repetitions of the series a Nb being the number of the repetitions of the series b
If ''t'' is inferior to student's values, the difference between the two series is not significant that means that our method is repeatable or reproducible.
If the calculated ''t'' is superior to student's values, the difference between the series is significant and our method is not reliable.
reproduCiBiLity CaLCuLatioN
The same preceding formula (test of Student) is applied on the obtained surfaces in every series.
extraCtioN method
The second section of our study consists in the adaptation of an extraction method of oxytetracycline in milkin this way, we adopted a technique from different recommended methods (Diaz et al., 2007; Helio et al., 2007) . This method is based on the following steps: 10 ml of milk are mixed with 20 ml of acétoni-trile and 6 ml of HPLC water. The mixture is divided up into four tubes, which are homogenized in the vortex for 1 minute then centrifuged at 6000 rpm for 10 min. Next, the supernatants (aqueous portions) are collected, filtered using Whatman filters. Then 20 ml of acetonitrile are added to the filtrate, the mixture is divided again into 4 new tubes, which are vortexed during 1 min and centrifuged for the second time at 3000 rpm for 5 min. Finally, the aqueous portions are harvested and filtered two times: firstly with a Whatman filter, then with a nylon membrane filter of 45 µm/ 47 mm. This method was applied on a milk sample presumed exempt of antibiotics. A half of the
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sample quantity was doped with the oxytetracycline standard and the remaining half was used as a control.
RESULTS AND DISCUSSION
WithheLd parameters
Our experimental investigations allowed keeping following HPLC analysis parameters: Sample conce tration: 0, 4 mg/mL (diluted in methanol), stationary phase: column C18 reversed phase (Grafted silicagel), mobile phase: acetonitrile, injected volume: 11 µl, wavelength (UV detector): 325 nm, flow rate: 1, 5 mL/min and analysis time: 8 min.
The isocratic mode (single mobile phase) was applied during all the experimentation. Various compositions can be used: Wang et al. (2004) The flow rate affects the retention time. The increase of flow rate decreases the retention time and vice versa. In many studies a flow rate of 1 ml/min was used (Wang et al., 2004; Cinquina et al., 2003) , while in others the chosen flow rate was 1.2 mL/min (Reed et al., 2004) .
The figure 1 given below shows the obtained chromatogram while using the withheld parameters, the retention time of the oxytetracycline is 2.15 min. With other parameters this retention time can change, so for Spisso et al. (2009) The obtained results (Table 1) , expressed in peak's area, are subjected to the Student statistical test. The verification of the Repetitiveness is done comparing the series two by two. After statistical analysis, it is proven that there is no significant difference between the three series. The "t" in the three cases (table 1) is inferior to the student's values (at the risks of 1% = 4.6 and at 5% = 2.78). That means that the analysis method is repeatable in the conditions of required analysis. The peaks areas (Table 2 ) are subjected to the statistical tests of Student. As for the repeatability, it was necessary to compare the series two by two. We also noticed that there is no significant difference between the three series. Calculated "t" is inferior to Student's values which confirms that the method is reproducible in our analysis conditions.
the LiNearity of the CaLiBratioN CurvWe
The calibration curve represented in figure 2 is demonstrative. The correlation coefficient is equal to 0.9830.
This stage is described in many works as in Koesukwiwat et al. (2007) , who reports to have used external standard calibration method. Where the average values were used to constructed calibration curves by plotting the corresponding peak area with analyte concentration. The same operation is made by Sun et al., (2009); Pinar, (2007); Cinquina, (2003) .
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extraCtioN method
In order to eliminate the undesirable components, and to extract the antibiotics in milk, the preparation of the sample is usually necessary. Different methods of extraction can be applied such as: the liquid-liquid extraction, the ultra-filtration, the precipitation of the proteins and the solid phase extraction (Oliveira et al., 2006) . To extract the oxytetracycline from milk, many extraction methods can be used: Fritz and Zuo (2007) proceeded to the centrifugation of sample until the proteins precipitated. Then the solid-phase extraction was used. Zhu et al. (2001) used only Solid-phase extraction (SPE) as extraction method. While Spisso et al. (2009) and Koesukwiwat et al. (2007) used only a liquid extraction.
After using the adopted extraction method for milk sample, we obtained a transparent and homogenous liquid which is injected directly in the HPLC device.
After doping the milk sample by the oxytetracycline standard, we obtained a corresponding peak after 1.90 min (figure 3). For the negative control sample, no peak could be identified (figure 4).
CONCLUSION
This study involved the optimization and validation of a High Performance Liquid Chromatography (HPLC) method for the detection and quantification of oxytetacyclines residues in cow's milk as well as the adaptation of a technique for its extraction. Results in these preliminary steps have already served to detect and quantify oxytetracycline residues in a reduced number of samples. This allows us to initiate a meticulous study on the presence and quantity of this antibiotic residues in milk produced in our region.
